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NBS engineers and technicians make last 
minute inspections of the instrumentation 
used to monitor the full-scale burnout of 
the test building designed by the 

Pratt Institute. The steel wing (left) and 
the concrete wing (right) are joined by 
wooden stairs and a platform. 


NBS STUDIES FIRE SAFETY 
OF APARTMENT UNITS 


@ Valuable data regarding the ef- 
fects of fire on modern buildings and 
materials have resulted from full- 
scale burnout tests in an experimental 
apartment-dwelling structure con- 
ducted by the NBS Institute for 
Applied Technology in Carteret. 
N.J. The tests were planned and car- 
ried out by the Fire Research Section 
to examine the fire safety aspects of 
new candidate constructions for high- 
rise buildings under simulated field 
fire conditions. During each burnout 
test, photographic records, visual ob- 
servations, and instrument measure- 
ments were made of temperature, 
smoke, radiation, gas composition, 
and deflection of floors and walls. 
The test building was designed and 
erected by the Pratt Institute’s School 
of Architecture under a grant from 
the Low-Income Housing Demonstra- 
tion Program of the Housing and 
Home Finance Agency (now the 
Department of Housing and Urban 
Development). The two-story struc- 
ture was planned to permit technical 
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evaluation of the materials and the 
advanced methods of construction 
now being considered for possible use 
in high-rise dwellings. The project 
entailed the establishment of technical 
standards to be used in place of any 
previously established design criteria 
or building code requirements. With 
respect to fire protection, the primary 
aim was to obtain information re- 
garding the protection of occupants 
and the prevention of fire spread to 
other apartments and buildings. 

A full-scale field burnout differs 
from the standardized laboratory 
method of evaluating fire perform- 
ance in that it enables evaluation of 
the integrated rather 
than individual components or assem- 
blies. Usually such tests are conducted 
on or within buildings destined for 
demolition. and while these may be 
structurally sound, they do not rep- 
resent current building practices or 
recent architectural innovations. The 


construction 


experimental building, because of its 
variety of construction and materials. 


was ideally suited for the NBS study. 


Experimental Structure 


The test building consisted of two 
two-story rectangular wings joined 
by a wooden platform and stairs. One 
wing was of steel-frame construction 
with exterior exposed columns: the 
other was made of two-story-high 
precast concrete wall panels. Each 
wing had three rooms per story with 
two rooms simulating one apartment 
and the third room representing a 
room in an adjacent apartment. The 
ceiling height was 8 ft. and the total 
area about 400 sq. ft. per story. Dif- 
ferent types of construction in exterior 
walls, party walls. curtain walls. and 
floors completed the design. 


Test Plan 

Previous investigations by the bu- 
reau. of representative types of occu- 
pancies, had shown that the com- 
bustible contents averaged 3.4 pounds 
per square foot of floor area. This fig- 
ure varied from room to room with a 
continued 
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FIRE SAFETY continued 


range from 1.4 to 7.3 lb/ft®. The range 
for living rooms was 1.4 to 6.8 lb/ft’. 
and for bedrooms 2.5 to 7.3 lb/ft®, 
with somewhat lower ranges for other 
rooms. On this basis a fuel load of 6 
lb/ft? was selected for the tests and 
was obtained by using 2 by 4 dry 
Douglas-fir nailed into lattice-type 
cribs. Cribs were placed in one room 
of an apartment, and effects of the 
fire were measured in the adjacent 
room of that apartment, in the ad- 
jacent apartment, and in the rooms 
above. The windows in the fire room 
were partially opened; all other win- 
dows and doors were closed. However. 
no effort was made to prevent glass 
breakage and fallout due to the fires. 
For the burnout tests of the ground- 
floor 
rooms were loaded with a 40-lb/ft? 
structural design load by using con- 
crete block set on end, and the roof 


apartments, the second-floor 


was similarly loaded for the burnout 

of the second-floor apartment. 
During the tests temperature meas- 

urements were made using thermo- 


couples placed in the fire room, on or 
near structural 
posed wall and floor surfaces adjacent 
to the fire room. Four metal-sheathed, 
ceramic-insulated thermocouples with 
fast response times were used to meas- 
ure air temperature in the fire room. 

Radiometers were placed so as to 
permit estimates to be made of the 
distances at which the spread of fire 
by radiation might occur through 
doors, windows, and between build- 


units, and on unex- 


ings. A commercial radiation pyrom- 
eter was used to measure the black- 
body temperature of the flaming inte- 
rior of the fire room. 

Meters for measuring the attenua- 
tion of light due to smoke were posi- 
tioned in rooms adjacent to and above 
the fire room. The optical system of 
the meter was designed to exclude, 
as much as possible, all the light not 
originating 


» 


from the 30—-watt lamp 
source. The lamp and the light detec- 
tor (a vacuum phototube and _bat- 
tery) were assembled in a single box 
and placed on the floor, and a mirror 
was mounted on the ceiling. 


Measurements were made of toxic 


NBS observers record data during a full-scale burnout of one of the 
apartments in the concrete wing of the test building. The observer 
(left) takes gas concentration measurements while the other (right) 


measures radiation. The clock (foreground) records fire duration. 








combustion products in rooms adja- 
cent to the fire room by means of 
direct reading colorimetric gas detect- 
ing tubes. A separate tube was used 
to indicate the concentration of each 
toxic gas. Measurements were made 
of CO, CO., HCl, and HCN at selected 
locations. 

Measurements made of the 
structural deflection of the floor (or 
roof) 
the center of the room and near the 
partition at the approximate mid-— 
span of the floor system. A few meas- 
urements were also made of the lat- 
eral movement of exterior wall panels. 

Photographic coverage included 16 


were 


above the fire room. both at 


mm color movies from several loca- 
tions, 16 mm color time-lapse movies 
from a fixed location. and 35 mm 
color transparencies. 


Results 


The full-scale burnout 
valuable supplementary data by per- 
mitting the study of fire effects on 
an engineered structure and a variety 
of materials. With regard to the spe- 


provided 


cific objectives of occupant protec- 
tion and the prevention of fire spread 
to other buildings and apartments. 
the following results were noted. 

In both 
amount of flaming penetrated to the 


constructions a_ small 
room above the fire room, primarily 
through the development of separa- 
tions between floor and wall assem- 
hlies. Some fire and smoke also pene- 
trated through wall openings for 
electrical outlets. In both types of 
construction, an appreciable amount 
of smoke penetrated the adjacent 
apartment after 20 minutes and the 
room directly above the fire after 45 
Although CO. HEN. and 


sometimes CO. were detected in the 


minutes. 


rooms adjacent to the fire room, the 


measurements were not considered 
of sufficient accuracy to provide an 
indication of the toxie hazard in- 
volved. There was no evidence of rup- 
ture, collapse. or other structural fail- 
ure within the roof or floor assembly 
as a result of the fires. although an 
appreciable deflection of one floor 


system was observed. 
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Static Fatigue of Glass 





S. M. Wiederhorn observes the motion of a crack ina 
soda-lime glass with the aid of a traveling microscope. 
The specimen is within the environmental chamber with 
two hooks attached to one end. The hooks in turn are 
ittached to the jig of a testing machine that applies stress 
to the sample. The desired atmosphere enters the test 
hamber through the white tubing (background). 





{ sample configuration (of dimensions 2t and w) shows 


the applied stress (P) and the length of the original crack 


(Lo) introduced into the sample. 


January 1968 


Investigated 


@ Glass is usually regarded as being highly resistant to 
chemical corrosion and consequently is widely used in 
applications requiring this property. Nevertheless, small 
amounts of water vapor, normally present in the atmos- 
phere, do react chemically with glass. This reaction, tak- 
ing place over a period of time and while the glass is under 
stress, causes a reduction in the strength of the glass known 
as static fatigue or delayed fracture. 

The phenomenon of static fatigue is believed to be due 
to the chemically enhanced growth of minute cracks that 
commonly exist in the surface of glass. In the presence of 
water and stress these cracks slowly grow until complete 
fracture ensues; a glass article might support a given stress 
for days. months, or even years. before shattering. The 
static fatigue of glass is the subject of a study being carried 
out by S. M. Wiederhorn of the NBS Institute for Materials 
Research.' Accurate measurements on the chemical and 
physical processes accompanying this phenomenon have 
heen obtained with a technique that permits a direct ob- 
servation of crack growth. 

Crack growth. as a function of temperature, environ- 
ment. and applied stress, can be observed using a double- 
cantilever cleavage technique. With this technique a pre- 
determined stress is applied to the sample and a crack is 
propagated in stages. Atmosphere and temperature are 
controlled by conducting the experiment within a test 
chamber. Samples were microscope slides of known com- 
position into which cracks of established lengths were 
introduced. 

Investigations were carried out mainly on soda-lime 
glass at 25 °C in gaseous nitrogen atmospheres containing 
varying amounts of water vapor. Other investigations 
were conducted on soda-lime glass in liquid water at vary- 
ing temperatures. The fracture process in water was shown 
to be an activated process with an activation energy of 
19,500 cal/mol,* which agrees quite well with that derived 
for the chemical corrosion of glass. 

In gaseous nitrogen the crack velocity exhibited a rather 
complicated dependence on stress and percent relative 
humidity. Three distinct stages of crack propagation were 
observed and a theory was proposed for the behavior of 
two of them. In stage I the crack velocity is dependent on 
the applied stress and on the amount of water in the en- 
vironment. In stage II the crack velocity is independent of 
continued 
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GLASS continued 
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These plots show the dependence of crack velocity on applied stress 
at varying humidities (percentages indicated ) ; the plot at left shows 
the dependence of crack velocity on applied force in liquid water. 
Roman numerals identify the different stages of crack propagation. 


the applied stress, but depends on the amount of water 
present. In stage III the crack velocity is again dependent 
on the applied stress, but now is independent of the 
amount of water in the environment. 

The behavior of the crack in stages I and II is explained 
as being due to a stress corrosion reaction between the 
glass and the water. In stage | the rate of crack propagation 
is controlled by the rate at which a chemical reaction can 
occur at the crack tip, while in stage II the rate of crack 
propagation depends on the rate of transport of water 
vapor to the crack tip. 

Further experimentation on crack motion is being con- 
ducted because of the importance of understanding the 
effect of environment on crack propagation in glass. The 
determination of the effects of other factors, such as pH 
and impurity ion concentration, will contribute additional 
fundamental knowledge on the stress corrosion of brittle 
solids. 


‘For further information, see Effect of environment on the fracture of 
glass, by S. Wiederhorn, Proc. Conf. on Environment-Sensitive Mechanical 
Behavior of Materials (RIAS, Baltimore, Md., June 1965), pp. 293-317 
1967; see also, The Influence of water vapor on crack propagation in soda- 
lime glass, by S. M. Wiederhorn, J. Am. Ceram. Soc., to be published. 
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DATA OBTAINED 
ON 


SLUSH HYDROGEN 


FOR 
ROCKET USE 


@ Slush hydrogen, a mixture of solid 
and liquid hydrogen, has shown high 
potential as an aerospace fuel. In the 
slush state, hydrogen can be stored 
more efficiently and for longer periods 
than liquid hydrogen. These advan- 
tages have prompted an extensive 
investigation by the NBS Institute for 
Materials Research into the produc- 
tion, transport properties, and other 
characteristics of the fuel. 

After two years of investigation a 
great deal of information on slush 
hydrogen has been obtained, though 
the study is by no means complete. 
The work is being conducted by the 
Institute’s Cryogenics Division at 
Boulder, Colo., and is sponsored by 
the Marshall Space Flight Center, 
National Aeronautics and Space Ad- 
ministration. A previous phase of the 
program was sponsored by the Space 
Nuclear Propulsion Office. 

In the first phase of the slush hydro- 
gen investigation,: NBS staff mem- 
bers developed a freeze-thaw prepara- 
tive technique for production of a 
flowable mixture of fine, solid par- 
ticles in a liquid melt. In this process, 
solid hydrogen is formed on the sur- 
face of the liquid hydrogen by vacuum 
pumping. Then, after careful pressure 
modulation, the solid, porous mass 
breaks loose from the container walls, 
sinks to the bottom of the tank, and 
breaks into very fine particles. The 
particles, together with the liquid 
melt, make up the desired form of 
slush. 

Initial characterization studies on 
slush included the measurement of 
some 17,000 solid particles to define 
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jarticle size distribution as a func- 
ion of age. In addition, 150 termi- 
ial velocity measurements were per- 
ormed and analyzed with the aid of 
iigh-speed photography and a digital 
‘omputer. These results will be sub- 
jected to the mathematical model for 
slurry flow to aid in the prediction of 
ransport characteristics. 

Current slush hydrogen research is 
‘oncerned with an analytical and ex- 
perimental study of the two-phase 
system to determine if the attractive 
features, realized in the characteriza- 
tion of laboratory samples, might be 
utilized in a practical system with 
large-scale requirements. 

Flow relations and transport char- 
acteristics are being submitted to 
verification in an experimental flow 
loop. Basically, the flow system con- 
sists of two 100-gallon, vacuum-in- 
sulated Dewars connected by 75 feet 
of 84-inch vacuum-insulated transfer 
line. Liquid-solid mixtures are gener- 
ated by the freeze-thaw production 
technique in a generator Dewar which 
is uniquely constructed to allow com- 
plete visual observation of the produc- 
tion process and the inlet and exit of 
the Dewar. The more conventionally- 
designed receiver Dewar, situated at 
the other end of the transfer line, is a 
low-loss, liquid-nitrogen shielded con- 
tainer that permits storage of the slush 
for periods up to three weeks. Pres- 
sure-sensing transducers and_ visual 
observation through glass ports yield 
transport data over a broad range of 
flow rates. Such data will be useful in 
determining gross transfer pressures 
(Dewar to Dewar), as well as true 
pressure drop in the *4-inch line. 

Also in progress is a project to 
establish a density reference system 
to allow accurate calibration of poten- 
tial slush density measuring instru- 
ments for experimental and field use. 
The establishment of a density trans- 
fer standard is of prime importance, 
as the amount of solids present in the 
mixture must be known for full slush 
utilization. 

Recently, a nuclear radiation at- 
tenuation (NRA) density measuring 
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system was installed at the 100-gallon 
generator of the slush hydrogen flow 
loop. The system consists of a 4-curie 
cesium-137 source, an _ ionization 
chamber detector, an impedance 
matching unit, and an instrument 
console. A strip recorder and digital 
voltmeter are connected to the in- 
strument console to measure and 
record the signal from the densitom- 
eter. Measurements of densities in 
the liquid and liquid-solid regions, 
and an evaluation of the densitometer, 
are in progress. 

Other concurrent studies 
solid fraction measurement _ tech- 
niques, selection of pressurization 
methods, and experiments aimed at 
securing much finer solid particles. 
Heat transfer mechanisms within the 
settled slush, and the effects of the 
solids on the working surfaces of 
pumps and heat exchangers, are being 
investigated in preparation for im- 
minent pump tests using a Saturn 
rocket chill-down pump. 

Results of the current characteriza- 
tion investigation show: (1) that the 
freeze-thaw slush preparation tech- 
nique does, in fact, apply to large ves- 
sels with the resulting slush similar in 
all aspects to that produced in the 
smaller laboratory vessels; (2) that 
slush may be transferred in quantity 
through insulated transfer lines at 
near 1 atmosphere total pressure; (3) 
that stirring slush in the generator 
during transfer results in a more uni- 
form quality in the transfer line, but 
is not necessary from the standpoint 
of actual flow of the mixture from the 
vessel; and (4) that as slush ages and 
settles, the loose agglomerates tend to 
fill in with solid to form a more 
smoothly-rounded particle of higher 
density with only a minor shift to 


involve 


larger particle size, resulting in an 
upgraded quality of slush. 


Slush hydrogen being studied, NBS Tech 
News Bull. 50, 1 (Jan. 1966) 


David E. Daney views the preparation of 
slush hydrogen through an observation 
window of the slush generator. A nuclear 
radiation attenuation density measuring 
device may be seen at the lower portion 
of the Dewar. 





Slush hydrogen forms at the bottom of a 
flask. The solid hydrogen forms on the 
surface of liquid hy drogen, sinks to the 
bottom, and breaks into very fine particles. 
This combination of liquid and solid 

slush hydrogen 
form for rocket fuels. 


hydrogen is the desired 


QUID 
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CONFERENCE “: PUBLICATION Brief | 


FREQUENCY AND TIME SEMINAR DATES 


The NBS Precision Measurement Seminar on Frequency 
and Time will be held on February 28 and 29 and March 1, 
1968. The Seminar, which will meet at the NBS labora- 
tories in Boulder, Colo., was previously described in the 
November 1967 issue of this Bulletin. Further information 
can be obtained by writing to A. H. Morgan, Frequency- 
Time Dissemination Research, NBS Radio Standards Lab- 
oratory, Boulder, Colo. 80302. 


PROGRAM OF SECOND CONFERENCE ON 
NEUTRON CROSS SECTIONS AND TECHNOLOGY 


The Second Conference on Neutron Cross Sections and 
Technology will be held March 4. to 7, 1968, at the Shore- 
ham Hotel, Washington, D.C. This Conference is spon- 
sored by the American Nuclear Society Divisions of 
Reactor Physics and Shielding, American Physical Society 
Division of Nuclear Physics, the National Bureau of Stand- 
ards, and the U.S. Atomic Energy Commission. Topics of 
invited and contributed papers include the following gen- 
eral subject areas: (1) The need for and use of neutron 
data in the fields of basic and applied science, (2) Stand- 
ard data, flux measurements, and analysis, (3) The need 
for and use of neutron data in reactor design applications, 
(4) Measurement and analysis of total and partial cross 
sections for fissile nuclei, (5) The measurement and anal- 
ysis of total and partial cross sections for nonfissile nuclei, 
(6) The theory of nuclear cross sections and the analysis 
of neutron interactions, (7) Data storage, retrieval, and 
evaluation, and (8) The use of differential data in ana- 
lyzing integral experiments. Questions and information re- 
garding the meeting should be sent to F. J. Shorten, Rm. 
A106 Reactor Building, National Bureau of Standards, 
Washington, D.C. 20234. 


SECOND MATERIALS RESEARCH SYMPOSIUM 
HELD AT NBS 


The second in a series of annual symposia sponsored 
by the NBS Institute for Materials Research was held on 
October 16 to 19, 1967. The Symposium, Molecular Dy- 
namics and Structure of Solids, attracted nearly 300 
scientists from government, industry, and educational re- 
search institutions. Its purpose was to demonstrate the 
correlation between structural and spectroscopic informa- 
tion obtained by the application of a variety of techniques 
to the study of molecular solids. Invited and contributed 
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papers were presented in the general areas of crystallo- 
graphic studies of inorganic and organic solids; lattice 
dynamics; and spectroscopy of inorganic crystals. organic 
crystals, and polymers. 

The first day was devoted to introductory lectures on 
the principal experimental methods applied to the study 
of crystal structure and dynamics. E. Montroll, Einstein 
Professor at the University of Rochester, discussed the 
theoretical basis of the experimental techniques for the 
investigation of molecular dynamics and structure. He 
emphasized the basic physical phenomena that could be 
probed by methods to be discussed by later speakers. An 
introductory lecture on neutron and x-ray diffraction tech- 
niques was delivered by G. E. Bacon, University of 
Sheffield. He compared the relative strengths and weak- 
nesses of these two diffraction techniques and emphasized 
the advantage of combining both methods. He also dis- 
cussed the accuracy of the structure refinement possible 
with the best current methods and equipment. G. R. 
Wilkinson, University of London, spoke on infrared and 
Raman spectroscopy. He pointed out that these spectro- 
scopic techniques yield information linking structure with 
dynamics in molecular systems, although the structure 
and the complete vibrational spectrum of a solid cannot 
be determined by these methods alone. 

P. A. Egelstaff, Atomic Energy Authority at Harwell, 
covered neutron inelastic scattering studies of molecular 
solids and liquids. He noted that although the neutron 
methods were not as precise as Raman and infrared tech- 
niques, they could investigate areas of molecular motion 
not reached by other techniques. R. E. Richards, Oxford 
University. described nuclear magnetic resonance methods 
for the study of molecular motions in solids. He explained 
how comparisons between neutron and NMR data could 
provide information on interionic and intermolecular po- 
tentials which could not be obtained from either method 
independently. 

The sessions on the following three days consisted of 
invited lectures introducing the sessions’ subjects and 
contributed papers reviewing recent progress in the sub- 
ject area. W. C. Hamilton, Brookhaven National Labora- 
tory, spoke on the combined application of neutron-dif- 
fraction and inelastic-scattering techniques to the study 
of intermolecular forces and potentials. He also discussed 
the relationship of the resulting experimental information 
to a number of theoretical models. Recent neutron results 
for several hydrogen-bonded crystals with rotating groups 
and ions were presented. The contributed papers reviewed 
recent crystallographic studies on hydrogen-bonded and 
other inorganic crystals. 
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In the next session, G. Dolling, Oak Ridge National 
Laboratory, delivered a paper on the lattice dynamics of 
molecular solids. He discussed the refinement of inter- 
atomic force models by fitting to phonon dispersion curves 
determined from inelastic neutron scattering. He pointed 
out the experimental and theoretical difficulties in studying 
molecular crystals and described the current state of the 
art in the investigation of such complex solids as anthra- 
cene and hexamethylenetetramine. This session’s contrib- 
uted papers presented recent results on the vibration 
spectra of molecular crystals by a variety of techniques, 
including neutron scattering, and infrared and Raman 
spectroscopy. The work reported included the determina- 
tion of the frequency distributions by the optical spectra 
of orientationally disordered crystals, and the study of 
lattice vibrations in the far infrared as a function of pres- 
sure and temperature. 

J. A. Ibers, Northwestern University, covered a num- 
ber of diffraction and spectroscopic studies on simple hy- 
drogen-bonded crystals. He demonstrated the complemen- 
tarity of crystallographic and spectroscopic measurements, 
particularly in cases where isotope effects are observed 
on deuteration. The contributed papers which followed 
described a number of inorganic hydrogen-bonded sys- 
tems, including ferroelectric KH,.PO,. ammonium and 
phosphonium salts, and hydrated crystals. 

A paper on precise diffraction studies of organic crys- 
tals was delivered by K. N. Trueblood, University of 
California, Los Angeles. He reviewed the current state of 
the art in extracting information about molecular motion 
from crystallographic data. This was followed by a num- 
ber of papers on recent crystal structure analyses by dif- 
fraction and NMR techniques. ; 

E. R. Andrew, University of Nottingham, gave a review 
of some recent results on the study of molecular motions 
in organic crystals by NMR methods. He pointed out the 
advantages of “rotating frame” measurements which allow 
detailed motional analysis over a very wide frequency 
range. The contributed papers that followed reported re- 
cent work on the infrared, Raman, and neutron spectra of 
simple organic crystals, as well as the investigation of 
molecular rotation and diffusion in plastic crystals by 
NMR and thermodynamic measurements. 

In the final session, D. W. McCall, Bell Telephone Lab- 
oratories, spoke on the investigation of relaxation phenom- 
ena and molecular motions in polymers by nuclear mag- 
netic resonance. The contributed papers were primarily 
concerned with the study of the vibrational properties of 
polymers by neutron inelastic scattering techniques. 

The Symposium arrangements were handled by C. O. 
Muehlhause, General Chairman; V. W. Myers, Assistant 
General Chairman; and R. S. Carter, Program Chairman. 
Both the invited and contributed papers will be published 
in the Symposium Proceedings. This NBS publication is 
expected to be available from the U.S. Government Print- 


ing Office about April 1968. 
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SYMPOSIUM ON MASS TRANSPORT IN OXIDES 


The NBS Institute for Materials Research and the Ad- 
vanced Research Projects Agency of the Department of 

Defense joined in sponsoring a Symposium on Mass 
Transport in Oxides held on October 23 through 25, 1967. 
at the Bureau site in Gaithersburg, Md. The conference 
was designed to stimulate discussion among the 104. at- 
tending scientists and engineers. 

The Symposium was prompted by the widening recog- 
nition that mass transport in oxides is a basic process of 
technological importance. This recognition made it de- 
sirable to assess the concepts, theories, and experimental 
techniques currently being applied in this field. Mass trans- 
port—the movement of atomic species—in oxides occurs 
in such phenomena as the corrosion of metals and the 
sintering of ceramics. Thus it has broad implications in 
various areas of technology, as in the production of ce- 
ramics. For example, the physical properties of a poly- 
crystalline ceramic are determined by the chemical and 
microstructural state of the material; this in turn is de- 
termined by the rates and modes of transport of different 
atomic species during preparation. 

The conference was opened at an evening session with 
a review of mass transport in alkali and silver halides. 
This introduction, an invited paper, by L. Slifkin of the 
University of North Carolina provided a background for 
the succeeding sessions. 

The next two and one half days were devoted to nine 
additional invited papers and twenty contributed papers. 
The invited papers were: “Characterization of Simple 
Defects in Oxides” (J. E. Wertz, University of Minnesota). 
“Lattice Dynamics and Ionic Interactions” (J. Slater. 
University of Reading), “Theory of Energetics of Simple 
Defects in Oxides” (I. M. Boswarva, Imperial College. 
and A. D. Franklin, NBS), “Diffusion and lonic Conduc- 
tivity: Kinetics of Defect Motion” (J. R. Manning, NBS). 
“Chemical Diffusion Coefficients in Some Transition Metal 
Oxides” (J. B. Wagner, Jr., Northwestern University). 
“Defect Complexes and Microdomains in Oxides” (G. G. 
Libowitz, Kennecott Copper Corp.), “Diffusion in Oxides: 
Assessment of Existing Data and Experimental Problems” 
(C. E. Birchenall. University of Delaware). “Ionic Con- 
ductivity in Oxides: Assessment of Existing Data and 
Experimental Problems” (L. Heyne, Philips Research 
Laboratories), and “Purity and Perfection of Research 
Specimens of Oxides” (J. W. Cleland. Oak Ridge N 
Laboratory). 


ational 


After the presentation of papers, a discussion period was 
held in which a panel summarized and commented on the 
principal conclusions of the Symposium. The panel. 
chaired by A. S. Nowick of Columbia University. covered 
the following topics: What degree of fundamental under- 
standing is needed for the solution of technological prob- 
lems involving mass transport? What can be learned from 

continued on page 13 








@ A new definition of the interna- 
tional unit of time, the second, was 
adopted Friday, October 13, 1967, in 
Paris by the 13th General Conference 
on Weights and Measures.' The sec- 
ond has now been defined in terms 
of a characteristic rate of electromag- 
netic oscillation of the cesium-133 
atom. The Conference also made 
terminological decisions in regard to 
the “micron,” the “degree Kelvin,” 
and the “candela”; and it added sev- 
eral to its list of derived units in the 
International System. 

The General Conference on Weights 
and Measures, convened every few 
years, is a meeting of delegates from 
the countries (now numbering 40) 
adhering to the Treaty of the Meter. 
It is the principal body concerned 
with working out international agree- 
ments on physical standards and 
measurements. The U.S. delegation to 
the 13th General Conference was led 
by A. V. Astin, Director of the 
National Bureau of Standards. 

Speaking for the governments rep- 
resented, which include those of all 
the leading scientific and industrial 
countries, the Conference agreed over- 
whelmingly that the moment had come 
to replace the existing definition, 
based on the earth’s orbital motion 
around the sun, by an “atomic defini- 
tion.” 

The Conference decided that: 

The unit of time of the Inter- 
national System of Units is 
the second, defined in the 
following terms: 
“The second is the duration 
of 9,192.631.770 periods of 
the radiation corresponding 
to the transition between 
the two hyperfine levels of 
the fundamental state of the 
atom of cesium—133.” 

and abrogated the resolutions giving 

the earlier definition. 

The frequency (9,192,631.770 Hz) 
which the definition assigns to the 
cesium radiation was carefully chosen 
to make it impossible, by any existing 
experimental evidence, to distinguish 
the new second from the “ephemeris 
second” based on the earth’s motion. 
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ATOMIC SECOND 
ADOPTED AS 


INTERNATIONAL 
UNIT OF TIME: 


13th General Conference on Weights and Measures 


Also Agrees on Changes in Terminology 


Therefore no changes need to be made 
in data stated in terms of the old 
standard in order to convert them to 
the new one. 

On the other hand, the atomic defi- 
nition has two important advantages 
over the preceding definition: (1) it 
can be realized (i.e., generated by a 
suitable clock) with sufficient preci- 
sion, +1 part in a hundred billion 
(10'') or better, to meet the most ex- 
acting demands of current metrology: 
and (2) it is available to anyone who 
has access to or who can build an 
atomic clock controlled by the speci- 
fied cesium radiation,” and one can 
compare other high-precision clocks 
directly with such a standard in a rela- 
tively short time—an hour or so as 
against years with the astronomical 
standard. 

The development in the last few 
decades of atomic clocks, without 
which the new definition could not 
have been considered seriously, has 
laid the preliminary groundwork for 
an eventual experimental assault on a 
fundamental question: Are the time 
scales based respectively on gravita- 
tional, electrical, and nuclear forces 
compatible and consonant with each 
other? And if (as some think) they 
are not, then why not? 

Laboratory-type atomic clocks are 
complex and expensive, so that most 
clocks and frequency generators will 
continue to be calibrated against a 
standard such as the NBS Frequency 
Standard, controlled by a cesium 





atomic beam, at the Radio Standards 
Laboratory in Boulder, Colo. In most 
cases the comparison will be by way 
of the standard-frequency and time- 
interval signals broadcast by NBS 
radio stations WWV. WWVH. 
WWVB, and WWVL.* Similar serv- 
ices are supplied by several radio sta- 
tions of the U.S. Navy. NBS broad- 
casts have been monitored by an 
atomic frequency standard since 1957. 
The Radio Standards Laboratory has 
also developed a rubidium-vapor (in- 
stead of cesium), portable (39 lb). 
battery-operated frequency standard 
with a short-term stability of +1 part 
in 10'°, which has proved useful for 
time comparisons at isolated facil- 
ities. Similar atomic — standards. 
weighing only about 20 lb, but at some 
cost in accuracy, have been developed 
for use in aircraft where they serve 
as components in precision naviga- 
tion systems. 

Cesium atomic clocks had already 
become so good by 1964 that the 
International Committee on Weights 
and Measures, acting under authority 
of the 12th General Conference held 
in that year, designated the present 
atomic definition for temporary use 
for measurements requiring maxi- 
mum precision.° Continued improve- 
ments of the cesium clock are antici- 
pated; and, in the not too distant 
future. clocks based on other than 
cesium radiations are expected to 
open the way to substantial further 
increases in precision. The present 
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13th) Conference adopted a resolu- 
tion urging that research and develop- 
ment programs along these lines be 
pursued with all possible vigor. 


The Path to the New Second ° 


The founders of the metric system 
(in its present-day version known as 
the International System) did not de- 
fine a unit of time. But, by convention 
among scientists, time had long been 
measured in terms of the rotation of 
the earth, the scientific unit of time 
the second—having once been defined 
as 1/86,400 of a mean solar day. But 
the rotation of the earth has proved 
too erratic to meet modern scientific 
needs for keeping time—it is subject 
to periodic fluctuations within a year 
and to unpredictable fluctuations 
from year to year—and, therefore, 
the mean solar second is continually 
changing. The inconsistencies created 
by this are small—of the order of a 
part in 10S—yet enough so that the 
time scale kept by the rotation of 
the earth on its axis now lags behind 
that kept by the revolution of the 
earth about the sun by about 30 sec- 
onds, reckoning from the year 1900. 

A partial remedy was achieved in 
1956 when the International Commit- 
tee on Weights and Measures rede- 
fined the second for scientific use as 
1/31.556,925.9747 of the tropical 
year at 1200 hours, ephemeris time, 0 
January 1900. This imposing number 
was obtained from Simon Newcomb’s 
equation for the apparent motion of 
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the sun across the celestial sphere. 
This so-called ephemeris second is 
made available in practice with the 
aid of atomic clocks, but only retro- 
spectively. as an average value over 
several years, by means of continual 
observations of the position of the 
moon. It can be determined experi- 
mentally with an uncertainty of a few 
parts in 10°, a large uncertainty com- 
pared with the exactness implied by 
the multidigitality of the definition. 

This 1956 definition of the sec- 
ond—though a great improvement for 
astronomers—still had one 
fault. No one else could measure an 
unknown interval of time with it by 
direct comparison. But even as this 
redefinition of the second was being 
formulated, a spectacular revolution 
in the measurement of time was taking 
place in the laboratory, where experi- 
mental techniques in molecular and 
atomic physics had been advancing 
rapidly. 


serious 


Physicists had been able to excite 
some of the lower energy states of 
atoms and molecules. the associated 
frequencies of which, in accordance 
with Planck’s equation E=hy, fall 
within the microwave part of the 
spectrum. These frequencies could be 
measured by comparison with lab- 
oratory oscillators and expressed in 
terms of the germane time-inverse 
unit of frequency. the cycle-per-sec- 
called the hertz, 
viated Hz). Even in the early experi- 


ond (now abbre- 


ments. frequencies could be compared 
Continued 


The cesium atomic clock at the NBS Radio 
Standards Laboratory generates the 

the SI unit of time. A 
quartz-oscillator-controlled microwave signal 
is held at 9,192,631,770 Hz by continuous 
comparison with the cesium-133 resonance at 


second 


that frequency. A beam of cesium-133 atoms 
passes left to right through the long metal 
cylinder (center) and interacts with 
microwaves brought in by waveguide 
components (above cylinder). 





The SI unit of luminous intensity is the 
candela, The light-colored porcelain cylinder 
with black cable coiled around it has a 
relatively narrow and deep vertical cavity 
containing platinum. Rf current in the coil 


keeps the cavity at the freezing temperature 
of platinum (2042 K). The opening at top of 
the cavity then radiates 60 candelas per 
square centimeter in the direction 
perpendicular to the plane of the opening. 
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repeatedly with an agreement to with- 
in parts in 10° or 10°. Subsequently, 
atomic beams, masers, and absorp- 
tion cells were developed which also 
proved to be very stable standards for 
frequency and time; not only could 
they be compared with each other 
with a precision of 1 part in 10°°, or 
better, during an observing time of 
an hour or so, but cesium-beam 
resonators, independently constructed 
in different laboratories, agreed in 
frequency to a few parts in 10" 
(equivalent to a second of cumulative 
error in 3000 years). It was apparent 
that if the second were defined as the 
interval of time corresponding to x 
cycles of a suitably selected atomic 
resonance frequency, the second could 
be realized more easily and more 
exactly than by the ephemeris second. 


Other Actions Taken by 
Conference 


The 13th General Conference also 
made the several other decisions sum- 
marized below. 

Length. The name “micron,” for a 
unit of length equal to 10-° meter, and 





L. A. Guildner adjusts valves on the NBS 
gas thermometer which measures 
temperature in kelvins as a function of 
pressure changes of a constant volume of a 
nearly perfect gas. 
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the symbol “” which has been used 
for it, are dropped. The symbol “‘z” is 
to be used solely as an abbreviation 
for the prefix “micro-,” standing for 
multiplication by 10°°. Thus the 
length previously designated as 1 
micron should be designated 1 pm. 

Temperature. The Conference rec- 
ognized the urgency of revising the 
International Practical Scale of Tem- 
perature of 1948. Noting that the lab- 
oratories competent in the area are 
agreed on the main lines of the 
changes required, it authorized the 
International Committee on Weights 
and Measures to take the steps neces- 
sary to put a new International Prac- 
tical Scale of Temperature into effect 
as soon as possible. 

The name of the unit of thermo- 
dynamic temperature was changed 
from degree Kelvin (symbol: ‘K) to 
kelvin (symbol: K). The definition of 
the unit of thermodynamic tempera- 
ture now reads: 

The kelvin, the unit of 
thermodynamic _ tempera- 
ture, is the fraction 1/273.16 
of the thermodynamic tem- 
perature of the triple point 
of water. 

It was also decided that the same 
name (kelvin) and symbol (K) be 
used for expressing temperature in- 
tervals, dropping the former conven- 
tion which expressed a temperature 
interval in degrees Kelvin or, abbre- 
viated, deg K. However, the old desig- 
nations are acceptable temporarily as 
alternatives to the new ones. One may 
also express temperature intervals in 
degrees Celsius. 

Photometry. Recognizing that 
photometry must take into account the 
principles and techniques of color- 
imetry and radiometry, the Confer- 
ence approved plans drawn up by the 
International Committee on Weights 
and Measures to expand the scope of 
its activities to include the funda- 
mental metrological aspecis of color- 
imetry and radiometry. 

The definition of the unit of 
luminous intensity, the candela, was 
rephrased to meet the objections of 
critics who found a certain awkward- 





ness in its wording. The meaning «f 
the definition, which was never in 
doubt, remains the same. The re- 
formulated definition follows: 
The candela is the luminous 
intensity, in the direction of 
the normal, of a blackbody 
surface 1/600,000 square 
meter in area, at the tem- 
perature of solidification of 
platinum under a pressure of 
101,325 newtons per square 
meter. 

Derived units. To the derived units 
and associated symbols that the 11th 
Genera) Conference (1960) had in- 
cluded in its Resolution 12, which in- 
troduced the International System of 
Units (official abbreviation: SI, from 
the French designation, Systéme In- 
ternational d’Unités), the 13th Gen- 
eral Conference added the following: 


Wave num- 1 per meter m7! 
ber 
Entropy joule per J/K 
kelvin 
Specific heat joule per J/kg K 
kilogram 
kelvin 
Thermal con- watt per W/m kK 
ductivity meter kel- 
vin 
Radiant in- watt per W/sr 
tensity steradian 


Activity (of a 
radioactive 
source) 


l per seconds“! 


A proposal to have the mole defined 
by the 13th General Conference was 
deferred. 


1The Proceedings of the Conference will be 
published by Gauthier-Villars & Cie., Paris. A 
summary will appear in the journal, Metrologia. 

7A description of such clocks is given in 
Atomic frequency standards, NBS Tech. News 
Bull. 45, 8-11 (Jan. 1961). For more recent 
developments and technical details, see Cesium 
beam atomic time and frequency standards, by 
R. E. Beehler, R. C. Mockler, and J. M. Richard- 
son, Metrologia 1, 114-131 (July 1965). 

* The services provided by these stations are 
described in NBS Misc. Publ. 236, 1967 edition 
NBS Standard Frequency and Time Services, for 
sale at 15 cents per copy by the Superintendent 
of Documents, U.S. Government Printing Office 
Washington, D.C. 20402. 

‘Portable atomic frequency standard, NBS 
Tech. News Bull. 49, 4-5 (Jan. 1965) 

“The Twelfth General Conference on Weights 
and Measures, by H. Moreau, Metrologia 1, 27 
29 (Jan. 1965). 

® This section is an excerpt, with minor changes 
from Measurement standards, by A. G. McNist 
International Science and Technology, No. 47 
58-66 (Nov. 1965) 
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rk on other materials and where may such work be 
1 :sleading? How helpful are studies of the properties of 
individual defects? What can be done to improve the ac- 
curacy of measurement of diffusion constants in oxides? 
\\hat is the interrelation of different types of diffusion 
ieasurements? What standard samples for interlaboratory 
comparison might be most useful and which materials are 
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CALIBRATION SERVICE FOR REFLECTORS 
IN WR284 WAVEGUIDE 


Calibration service for the measurement of reflection 
coefficient magnitude of waveguide reflectors (mis- 
matches) in WR284 waveguide has been announced by 
the Radio Standards Laboratory (Boulder, Colo.) of the 
NBS Institute for Basic Standards. Similar calibration 
services in five smaller waveguide sizes (WR187, 137, 112, 
90, and 62) have been available for several years. Cali- 
brated mismatch devices are useful as reference standards 
for the calibration of impedance-measuring equipment 
such as slotted lines and reflectometers. 

The calibration can be performed at any frequency 
within the range of 2.60 and 3.95 GHz. However, it is 
more economical for the customer if calibrations are per- 
formed at the selected ' frequencies of 2.85, 3.25, and 3.55 
GHz. 

Measurements can be made over the range from 0.024 
to 0.2, with an uncertainty of the reflection coefficient 
magnitude expressed as (0.0002 +-0.002 !T!), where 
'T! is the numerical value of the measured magnitude. 


FOUR NATIONS COMPARE MICROWAVE 
STANDARDS 


The NBS Institute for Basic Standards is serving as 
pilot laboratory in an international cross-check of power 
standards at 3 GHz. Canada, the U.S.S.R., Japan, and the 
U.S.A. are each supplying one or more transfer standards 
which will be compared with the primary standards in all 
four countries. Measurements on the transfer standards 
have been completed at NBS and they are now being com- 
pared with the primary standards in Canada. Data ob- 
tained at each national laboratory will be reported to the 
International Bureau of Weights and Measures at Sévres. 
France, which will issue a final report when all the results 
are in. 
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most promising as standards? Following a vigorous panel 
discussion, the conferees toured a number of selected NBS 
laboratories. 

J. B. Wachtman, Jr., and A. D. Franklin of NBS served 
as cochairmen of the Symposium. The Proceedings of the 
Symposium, including a summary of the panel discussion. 
will be published by NBS through the U.S. Government 
Printing Office and is expected to be available about June 


1968. 


STANDARDS AND CALIBRATION 


Consistency in measurement standards is directly tied to 
international trade in precision equipment. U.S. manu- 
facturers, for example, annually export large quantities of 
radioelectronic measuring instruments. The accuracy with 
which these instruments can be used abroad clearly de- 
pends on how accurately the relation between U.S. stand- 
ards and those of customer nations is known. 


STANDARD FREQUENCY AND TIME BROADCASTS 


WWV—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 
WWVH—2.5. 5.0, 10.0, and 15.0 MHz 
WW VB—60 kHz 

Radio stations WWV (Fort Collins, Colo.) and 
WWVH (Maui. Hawaii) broadcast signals that are kept 
in close agreement with the UT2 scale by making step 
adjustments of 100 ms as necessary. Each pulse indicates 
that the earth has rotated approximately 15 arcseconds 
about its axis since the previous one. Adjustments are 
made at 0000 UT on the first day of a month. There will 
be an adjustment made on February 1, 1968. The pulses 
emitted by WWV and WWVH will be advanced by 100 ms. 
The pulses occur at intervals that are longer than one sec- 
ond by 300 parts in 10" due to an offset in carrier fre- 
quency coordinated by the Bureau International de 'Heure 
(BIH), Paris, France. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
seconds pulses derived from the NBS Time Standard 
(NBS-III) with no offset. Step adjustments of 200 ms 
are made at 0000 UT on the first day of a month when 
necessary. BIH announces when such adjustments should 
be made in the scale to maintain the seconds pulses within 
about 100 ms of UT2. There will be no adjustment made 
on February 1, 1968. 


In performing microwave 
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This column regularly reports significant developments 
in the program of the National Standard Reference Data 
System. The NSRDS was established in 1963 by the Pres- 
ident’s Office of Science and Technology to make critically 
evaluated data in the physical sciences available to science 
and technology on a national basis. The System is admin- 
istered and coordinated by the National Bureau of Stand- 
ards through the NBS Office of Standard Reference Data, 
located in the Administration Building at the NBS 
Gaithersburg Laboratories. 


Automation at the Crystal Data Center 


The Crystal Data Center of the Institute for Materials 
Research has as a major mission the revision of Crystal 
Data Determinative Tables. These tables are nearing com- 
pletion. When completed, they will appear as an NBS pub- 
lication within the NSRDS series. 

The tables will contain crystallographic data abstracted 
from the scientific literature and comprise a bibliography 
for the use of crystallographers, mineralogists, chemists, 
and physicists. The data to be included are axial lengths 
and angles of the unit cell, space groups, number of mole- 
cules or formula weights per cell, both the measured den- 
sities and those calculated from x-ray data, habits, cleav- 
ages, twinnings, colors, refractive indices, and melting 
points. Although detailed structural information such as 
that in Structure Reports will not be given, it will provide 
pertinent references to structural studies. All data will be 
carefully referenced to the original literature. 

The first edition of Crystal Data, which was published in 
1954. by the Geological Society of America as Memoir 60. 
contained about 6000 entries including data current to 
January 1, 1952. In 1963 the second edition appeared as 
Vonograph Number 5 of the American Crystallographic 
Association. This edition had around 13,000 entries cur- 
rent to January 1, 1961. The approximately 30,000 entries 
of the third edition will be current to January 1, 1967. 

The tables are being prepared under the general man- 
agement supervision of the Crystallography Section of the 
NBS Institute for Materials Research. The scientific staff 
for this work are: 

Chief Editor—J. D. H. Donnay, The Johns Hopkins 

University, guest worker at NBS. 
Assistant Editor—H. M. Ondik, NBS. 
Organic Editor—O. Kennard, Cambridge University. 
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Inorganic Editors—H. M. Ondik, NBS: G. Wolten. 
Aerospace Corp. 
Mineral Editor—M. Mrose, U.S. Geological Survey. 
Intermetallic Editors—S. Samson, California Institute 
of Technology; M. Mueller, Argonne National Labor- 
atory; Q. Johnson, Lawrence Radiation Laboratory: 
and E. Ryba, Pennsylvania State University. 
Protein Editor—M. V. King, Massachusetts General 
Hospital. 

The third edition will be produced by tape-controlled 
photocomposition. The editing of the tape will be done 
by computer. 

The text and data are being keyboarded into punched- 
paper tape, partly from the previous edition and partly 
from sheets on which new information has been recorded. 
One-fourth to one-third of the information is new. Key- 
boarded data are processed through a phototypesetting 
machine which produces a film positive. The film positive 
is proofread and corrections marked. 

All data from these tapes are transcribed automaticall) 
on magnetic tape by a special transcriber. The magnetic 
tapes are fed into a general-purpose computer. which 
first inserts the corrections and then performs a variety 
of editing tasks. The information is arranged into the or- 
der in which it is to appear in print. Some arithmetic 
checks are applied to the numerical information. Litera- 
ture references are compared with a computer-stored list 
of standard abbreviations of journal titles. The computer 


then prepares two alphabetical indexes—one by chemical ' 


formula, one by chemical compound name. These are pul 
automatically into the arrangement in which they are to be 
printed. 

Finally. the computer deletes certain keypunched sig- 
nals which are not wanted in print and breaks the copy 
into lines of proper length. inserting spaces between para- 
eraphs, breaking into pages. inserting page headings and 
page numbers. The output of the computer is recorded 
on magnetic tape which is converted to 15-level paper tape. 
The latter drives a photocomposition unit operated by the 
Government Printing Office. 

Also associated with the production of the third edition 
are V. Vand and G. Johnson of Pennsylvania University 
and W. Bozman of NBS. Drs. Vand and Johnson are re- 
sponsible for crystallographic checking and for trans- 
forming data from the mode found in the literature to 
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iy tch the mode used in programming the ultimate Crystal 
i. ta text. Mr. Bozman has overall responsibility for pro- 
+ amming and is supervising the book’s production. 
The second edition took three years to produce. largely 
‘ause of the time needed to make up the indexes. Pro- 
ction by computer should save time and avoid errors 
1 routine indexing through its automatic checking fea- 
tires. Another great advantage is expected to be the ease 
of inserting future corrections and additions: completely 
up-to-date information will always be available on tape 
und can be printed more frequently with less effort. 


The Radiation Chemistry Data Center 


[In the past few years several trends in radiation chem- 
istry have caused a large surge in the amount of numerical 
data currently being reported in the literature. First of 
all. the number of research scientists investigating radia- 
tion chemistry has steadily increased. Secondly, develop- 
ments in instrumentation and methods, such as pulse 
radiolysis, have made it possible to study elementary 
processes and intermediates not previously observable. In 
addition, these developments have reduced the time re- 
quired to make measurements, thereby further increasing 
the output of data. 

The Radiation Chemistry Data Center, established at 
the University of Notre Dame in 1965, is under the gen- 
eral direction of M. Burton. Supported by the Atomic 
Energy Commission and the NBS Office of Standard Ref- 
erence Data, the Center records and maintains radiation 
chemistry data for reference use and for eventual com- 
puter storage and retrieval. 

The data most frequently reported and requested are 
G data (yield in a radiation-induced chemical reaction in 
molecules per 100 eV) and specific rates of elementary 
processes. There is also interest in other kinetic data and 
effects of radiation on physical properties. 

Current emphasis at the Center is on completing the 
compilation of data from previous literature for chemical 
systems containing water or methanol. as well as for all 
chemical systems in the recent (1966+ ) literature. Criti- 
cal evaluation of these data will help to establish the 
validity of proposed reaction mechanisms. 

The Center is also making a bibliographic record of 
the literature of radiation chemistry. including references. 
keywords, and citations. At present. a keyword index to 
over 13.000 papers is used to provide lists of references 
on a particular topic. Besides answering specific inquiries, 
the Center distributes a “Weekly List” of current papers 
on radiation chemistry to interested scientists. Inquiries 
may be sent to A. Ross, Radiation Chemistry Data Center. 
Radiation Laboratory, University of Notre Dame. Notre 
Dame. Ind, 46556. 


Tables of Molecular Vibrational Frequencies, 
Part 2 


A project for the compilation of vibrational frequency 
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data for selected molecules is sponsored by the National 
Standard Reference Data System. T. Shimanouchi. Uni- 
versity of Tokyo, is the director of the work. As a product 
of that project. NSRDS-NBS-6.' Tables of Molecular 
Vibrational Frequencies, Part 1, was published in March 
1967. Part 2 has now appeared as NSRDS-NBS-11.* with 
data on 54 additional molecules. Boranes, silanes and 
silicon halides. germanes, halogenated methanes, formal- 
dehydes. methylamines. and several other compounds are 
treated. and. as previously, data are given on the molecules 
at various levels of deuteration. The modes of vibration 
are tabulated with the selected value of the frequency. 
taken mainly from infrared and Raman spectra. 

The compilation work is continuing, and additional 
tables will be published at about one year intervals. 
Part 3 of the tables is now in press. As now planned. the 
fourth annual increment will be issued in a single volume 
that will include the first three parts and their revisions. 


X-Ray Wavelengths and X-Ray Atomic Energy 
Levels 


The goal of the National Standard Reference Data Sys- 
tem is to disseminate information in such a way that all 
of the appropriate audience is reached. Preferably this 
is accomplished at the minimum expense, by the proper 
selection of a specific channel of communications 
Government Printing Office. scientific journal. or com- 
mercial publisher. Selection of channel is determined by 
the circumstances of each individual document. If neces- 
sary. NSRDS will use all channels of communication to 
ensure the dissemination of information. 

(n example of multiple dissemination is NSRDS-NBS 
14.' \-Ray Wavelengths and X-Ray 
Levels. This publication combines two compilations. 
“X-Ray Wavelengths.” by J. A. Bearden, and “Reevalua- 
tion of X-Ray Atomic Energy Levels.” by J. A. Bearden 
and A. F. Burr, which were sponsored by NBS and were 
first published in Reviews of Modern Physics. The authors 
and the editors felt the journal would reach the intended 
readers. and the Office of Standard Reference Data agreed. 


ftomic Energy 


However, everyone underestimated the demand for re- 
and the after 
publication. 

With the permission of Reviews of Modern Physics and 
the authors, the Office of Standard Reference Data has 
reprinted the articles as part of the National Standard 
Reference Data System-National Bureau of Standards 


prints, supply was exhausted soon 


series to insure maximum distribution. 


By-Products of Compilation Activities 
Frequently, compilation activities supported by the Of- 
fice of Standard Reference Data stimulate the production 
of other types of scientific literature. Two such recent 
products are: “Heats of Solution of Aluminum, Copper. 
and Silicon in Liquid Iron.” by F. Wooley and J. F. Elliott 
of the Massachusetts Institute of Technology, and “A 
continued 
15 








NSRDS NEWS continued 


Method for Estimating the Arrhenius A Factors for Four- 
and Six-Center Unimolecular Reactions,” by H. E. O'Neal 
and S. W. Benson of the Stanford Research Institute. 


Electric Dipole Moments 

Selected Values of the Electric Dipole Moments for 
Molecules in the Gas State, by R. D. Nelson, Jr. (Middle- 
bury College, Middlebury, Vt.) and D. R. Lide, Jr., and A. 
A. Maryott, of the NBS Infrared and Microwave Spectro- 
scopy Section, has been published as NSRDS-NBS-—1O.' 
This table revises and brings up to date data on dipole 
moments which were included in Table of Dielectric Con- 
stants and Electric Dipole Moments of Substances in the 
Gaseous State, NBS Circular 537 (1953). 

The various methods used for gas-phase dipole moment 










STANDARD 
REFERENCE 
MATERIALS 


Standard Reference Materials are well-characterized 
materials disseminated by NBS to be used in calibrating 
and evaluating measuring instruments, methods, and sys- 
tems or to produce scientific data that can be referred 
readily to a common base. These materials are certified 
for chemical composition or for a particular physical or 
chemical property. They are used on-site in science and 
industry for calibrating the instruments and methods used 
for production and quality control of raw materials, chem- 
icals, metals, ceramics, fuels, and radioactive nuclides in 
manufacturing processes and in research. This column 
regularly reports on the issuance of new and renewal 
Standard Reference Materials and on latest developments 
in the Standard Reference Materials Program. 


CERTIFIED PURITY CHOLESTEROL 


At the request of the College of American Pathologists 
and the American Association of Clinical Chemists, the 
Office of Standard Reference Materials of the National 
Bureau of Standards is now issuing cholesterol of certi- 
fied purity (purity 99.4 +-0.3 percent) as an NBS Stand- 
ard Reference Material for use in standardizing clinical 
determinations of cholesterol.' 

The purity of this cholesterol, estimated with 95 percent 
confidence, has been determined by a combination of gas- 
liquid chromatography, thin-layer chromatography. and 
mass spectrometry. The requirements of the Cholesterol 
Certification Program of the College of American Pa- 


16 








. ° . ‘ . P ’ 
determination and the criteria employed in selecting a | 


recommended value and estimating its reliability are d s- 
cussed in some detail. Recommended values. accompanied 
by a letter code indicating their estimated accuracy. are 
listed for more than 500 substances. The methods and 
literature values upon which the recommended value was 
based are also included. The variation of dipole moment 
with vibrational state and with isotopic substitution is con- 
tained in two appendices for cases where the data were 
judged of sufficient accuracy and precision to be signif- 
cant. The bibliography contains about 600 references and 
provides a complete coverage of the published literature 
through 1965 and partial coverage in 1966. 


Available from the Superintendent of Documents, U.S. Government 


Printing Office, Washington, D.C. 20402. Price 40 cents 
“Available from the Superintendent of Documents, U.S 
Printing Office, Washington, D.C. 20402. Price 30 cents 


Government 


thologists were utilized in certifying this cholesterol. These 
include purification by the dibromide method: determina: 
tion of melting point and carbon-hydrogen content; suil- 
able reproducibility of results using the Liebermann- 
Burchard technique; examination by gas chromatography. 
thin-layer chromatography, and mass, infrared, and nu- 
clear magnetic resonance spectroscopy: and testing for 
the presence of lathosterol. 

There are many variations of the Liebermann-Burchard 
analysis for cholesterol. As conducted at the Bureau. molar 
absorbances of 590 +1 at 535 nm were determined. Molar 
absorbances higher than 590 were obtainable by reacting 
the cholesterol with different proportions of reagents. but 
the NBS objective was to test for reproducibility with con- 
venient proportions, not to investigate or optimize clinical 
methods. 

There is considerable uncertainty regarding the shelf- 
life of cholesterol. Therefore, the Bureau will continue to 
examine the stability of this material over a two-year per- 


iod. Any significant changes in purity that may appear will: 


be reported to the users. 

The new standard. designated NBS Standard Reference 
Material No. 911. Cholesterol. may be ordered in unit- 
of 0.5 gram. NBS No. 911 is packaged in an amber-glass 
hottle under nitrogen, and costs $25 per unit.? Each unit 
is supplied with a certificate and the purchaser will be 
furnished with data on any significant changes in purity of 
the standard detected over a two-year period beginning 
with the date of certification. Requests for information 
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al out the cholesterol standard should be sent to the Office 
o Standard Reference Materials, Rm. B308 Chemistry 
Building, National Bureau of Standards, Washington, D.C. 


234. 


RENEWAL OF TURBIDIMETRIC AND FINENESS 
STANDARD 


\ renewal of the NBS Portland Cement, turbidimetric 
and fineness standard, designated NBS Standard No. 114L, 
has been prepared and certified. This standard may be 
used to calibrate such devices as the Blaine Air Permea- 
hility Apparatus according to Federal Test Method Stand- 
Method 2101, or ASTM Designation C204; and 
the Wagner Tachadbiedie: according to ASTM Designation 
C115. It may also be used to determine sieve residue with 

No. ASTM Designation C430. 
These tests are used throughout the cement industry in the 
U.S. and abroad to control production of cement to specifi- 
cation requirements. Many other uses are developing as 
the value of particle size control is recognized in a given 
industry or application. 


ard 15 9B. 


5325 sieve according to 


First issued about 35 years ago, more than a quarter 
of a million units have since been distributed; No. 114L 
is the fourteenth renewal of this standard. The standard is 
now supplemented with calibrated glass sphere standards 
which extend the particle size range for which NBS stand- 
ards are available. 

NBS No. 114L is supplied in units of two vials, each 
containing approximately 10 grams, plus a certificate for: 


Residue on No. 325 sieve. 
cloth, wet method___ 


bronze 
6.5 percent 


Residue on No. 325 sieve. elec- 

troformed sheet (44.0 um). wet 

method Se —=se=8.5 122 percent 
Surface Area (Wagner “‘Turbidi- 


meter ) ti Pita ee 
Surface Area ( Air-permeability ) —- 
Mean Particle Diameter ( Air-per- 
meability ) 


3 


1820 cm*/g 


2 


3380 em*/¢ 


=e isu), s0Abate 


The surface areas and mean particle diameters were calcu- 
lated on the assumption that the specific gravity of the 
cement is 3.15. 

This standard has two assigned values for residues on 
No. 325 sieves, as a first step in correcting an anomaly 
which developed. The certificate value for residue on the 
No. 325 sieve assigned to the first NBS No. 114 issued was 
based on a set of carefully selected sieves with bronze cloth. 
Subsequent issues of No. 114 have had assigned residues 
consistent with the first issue, Since then woven cloth has 
become available with more uniform hole size than the 
cloth upon which the No. 114 residue figure is based. An 
anomaly has developed. thereby. where the better sieves 
have the larger correction factors. Therefore Standard No. 
114L has two assigned residues. one on bronze cloth, which 
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is consistent with values for previous issues. and one on 
electroformed sheet. which is based on measurements with 
fitted with such material. Because electroformed 
sheet is not woven, it is free from grossly oversize openings. 

The bronze cloth figure should be used in connection 
with the Wagner Turbidimeter test. such 
as the fineness of fly ash, the specification limit will need 

be adjusted before the electroformed figure 
substituted for the bronze figure. 


sieves 


In many tests, 


can be 


CARBON-14 LABELED SOLUTION STANDARDS 


Three new liquid-scintillation counting standards of 
l-carbon-14 labeled n-hexadecane (olefin NBS 
Standard Nos. 4222, 4223, and 4224, have been certified 
and are now available. They are sold in units of approxi- 
mately 3 grams each in 
$50 per unit. 

The activ'ties, in disintegrations per second per gram 
of solution as of June 1967, were 3.939 X 10+ 3.05, per- 
cent. 3.899 10° £3.06 percent. and 3.695 < 10° = 3.06 
percent, respectively. The new standards will be useful 
to instrument manufacturers for standardizing and cali- 
brating instruments and to research workers concerned 


free) 


flame-sealed glass ampoules for 


with accurate measurement of low-energy beta emitters. 

Hexadecane is a relatively non-volatile liquid. with a 
boiling point of about 288 It is insoluble in water 
but readily soluble in ether and in toluene. As the stand- 
ards are single compounds, the accuracy of the standardi- 
zation will not be affected by evaporation losses during 
storage or while in use. The half-life of carbon-14 is 
aa thus the standards have a permanent 
shelf life for normal uses. 

Aliquots of this solution, from which the new standards 


10 years: 


were prepared. were converted to carbon-14 labeled 
sodium carbonate and calibrated by comparison, using 
liquid-scintillation counting techniques. with the NBS 
carbon-14 labeled sodium carbonate standard. These 


standards were prepared and calibrated in the NBS Insti- 
tute for Basic Standards by members of the Radioactivity 
Section under the direction of W. B. Mann. 

The values reported are based on 37 liquid-scintillation 
comparisons. The uncertainties quoted above are the sums 
at the 99.73 percent 
the estimated limits of systematic error. 


of: the computed standard error. 
confidence level: 
in the hexadecane-sodium carbonate conversion: and the 
assigned to the NBS 


carbon-14. labeled sodium carbonate standard. 


overall uncertainty. 1.5 percent. 





Ad es : t values at Fifth Radiocarbon Dating Conference 

For nplete t of Standard Reference Materials available from 
NBS, s Geaen Reference Materials: Catalog and Price List of Standard 
Materials Issued by the National Bureau of Standards, NBS Misc. Pub 
260, for sale by the Superintendent of Documents 5. Government Print 

Fee A his it ’ [ 4 for 45 ent art y insert sheet 

which up-date Misc. Publ. 260 are supplied to users on request 

2 Thes e standards may be purchased for the price indicated from tt 
Office of Standard Reference Materials, National Bureau of Standard 
Washington, D.C. 20234 











PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin, Volume 51, No. 12, December 1967. 15 
cents. Annual subscription: $1.50. 75 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscriptien basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. Annual 

subscription: Domestic, $5; foreign, $6. Single copy, $1. 

Section B. Mathematics and Mathematical Physics. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Single copy, 75 cents. 

Section C, Engineering and Instrumentation. Issued quarterly. An- 
nual subscription: Domestic, $2.75; foreign, $3.50. Single copy, 
(9 cents. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 
. Res. NBS 72A (Phys. and Chem.), No. 1 (Jan—Feb. 1968), $1. 


Reactions of uranium with the platinide elements. I. The uranium- 
ruthenium system. J. J. Park. 


~ 


Reactions of uranium and the platinide elements. II. The uranium- 
rhodium system. J. J. Park. 


Reactions of uranium and the platinide elements. IIT. The ura- 


nium-iridium system. J. J. Park and L. R. Mullen. 
Phase relations between palladium oxide and the rare earth 
sesquioxides in air. C. L. McDaniel and S. J. Schneider. 


Preparation and purification of some oxidation products of per- 
ylene. A. J. Fatiadi. 

Electron spin resonance spectra of polymer radicals in aqueous 
solution. R. E. Florin, F. Sicilio, and L. A. Wall. 

A mass spectrometric study of the BeO-BeF: system at high 
temperatures. J. Efimenko. 

Laser-induced Raman spectra of some tungstates and molybdates. 
R. K. Khanna, W. S. Brower, B. R. Guscott, and E. R. 
Lippincott. 

Valence-only correlation in LiH and BeH*. W. 
M. Krauss. 

Thermalization by elastic collisions: 
moderator. W. C. Sauder. 


A. Sanders and 
Positronium in a rare gas 


Density fluctuations in fluids having an internal degree of freedom. 
R. D. Mountain. 
J. Res. NBS 71B (Math. and Math. Phys.) , No. 4 (Oct.—Dec. 1967), 
75 cents. 


Calibration designs based on solutions to the tournament problem. 
R. C. Bose and J. M. Cameron. 

Bounds for the solutions of second-order linear difference equa- 
tions. F. W. J. Olver. 

Notes on automorphic functions: An entire automorphic form of 
positive dimension is zero. M. I. Knopp. 

Solving equations exactly. M. Newman. 

\ system of equations having no nontrivial solutions. H. Gupta. 

Remarks on cut-sets. J. W. Grossman. 

A pseudo primal-dual integer programming algorithm. F. Glover. 

Properties of a useful biorthogonal system. L. V. 
P. Flusser. 

On even matroids. W. T. Tutte. 

Matrices of class Js. J. S. Maybee. 


Partially isometric matrices. J. Z. Hearon. 


Spencer and 


Symmetrizable generalized inverses of symmetrizable matrices. 


J fs Hearon. 
Optimum branchings. J. Edmonds. 


Systems of distinct representatives (SDR) and linear algebra. 
J. Edmonds. 


Bounds for the number of generators of a finite group. VI 


Newman. 
OTHER NBS PUBLICATIONS 


Electrochemical Analysis Section: Summary of activities July 1°6¢ 
to June 1967, Ed. R. G. Bates, Tech. Note 423 (Oct. 1967). 5 
cents, 

Field burnout tests of apartment dwelling units, D. Gross, Bldg. Sci 
Series 10 (Sept. 29, 1967), 25 cents. 

“Life cycling” test on several strain gage pressure transducers, P. 5. 
Lederer, Tech. Note 434 (Oct. 1967), 20 cents. 

Loading factors and FDM-FM system performance calculations 
E. F. Florman, Tech. Note 100-A (Sept. 1967), 20 cents. Suppl 
ment to Appendix C of Tech. Note 100. 

Microchemical Analysis Section: Summary of activities July 1966 t 
June 1967, Ed. J. K. Taylor, Tech. Note 245 (Oct. 1967), 50 cents 

Organic chemistry: Air pollution studies characterization of chemi 
cal structures; synthesis of research materials: novel researc! 
materials; isotopic methods for analysis of carbohydrates; occur 
rence, preparation, and properties of naturaliy occurring mono 
saccharides (including 6-deoxy sugars): standard reference 
materials (organic) July 1966 through June 1967, Ed. R. Schaffer. 
Tech. Note 427 (Oct. 1967), 45 cents. 

Photonuclear data index, January 1965 through April 1967. Mis« 
Publ. 277, Supplement 1 (Oct. 1967), 45 cents. 


Radiometric methods for measuring laser output, D. A. MeSparron. . 


C. A. Douglas, and H. L. Badger, Tech. Note 418 (Nov. 1967), 15 
cents. 

Second breakdown in semiconductor devices—A bibliography, H. A 
Schafft, Tech. Note 431 (Oct. 1967), 30 cents. 

Tables of molecular vibrational frequencies, Part 2, T. Shimanouchi 
NSRDS-NBS-11 (Oct. 1967), 30 cents. 

1967 Technical Highlights of the National Bureau of Standards, An- 
nual Report, Fiscal Year 1967, Misc. Publ. 293 (Nov. 1967). 55 
cents. 

X-ray wavelengths and x-ray atomic energy levels. J. A. Bearden, 


NSRDS-NBS-14 (Sept. 25, 1967), 40 cents. 
PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practical. For completeness, earlier references not 
previously reported may be included from time to time. 


CHEMISTRY 


\ novel, facile preparation of 1,1’-bipyrene, A. J. 
Chem. 32, 2903-2904 (Sept. 1967). 

Comment on “Paramagnetic resonance of alkyl nitroxides.” R. E 
Florin, J. Chem. Phys. 47, No. 1, 345-346 (July 1, 1967). 

Development of an adhesive restorative material, R. L. Bowen (Prox 
2d Workshop. Adhesive Restorative Dental Materials, University 
of Virginia, Charlottesville, Va., Dec. 8-9, 1965), Book, Adhesive 
Restorative Dental Materials, No. 2, Chapt. 4, p. 225 (U.S. Public 
Health Service Publ. 1494, Superintendent of Documents. U.S 
Government Printing Office, Washington, D.C. 20402, $1, 1966) 

Excited species and their contribution to NO (B, y) fluorescence in 
the photodissociation of N-O, H. Okabe, J. Chem. Phys. 47, No. 1. 
101-109 (July 1967). 

Identification of dyes in paper by extraction and chromatographi 
analysis, M. R. Wallace, L. T. Milliken, and S. D. Toner, TAPPI 
30, No. 9, 121A-124A (Sept. 1967). 

Interpretation of cyclotron resonance line shapes in slightly 
ionized gases, F. C. Fehsenfeld, L. R. Megill, and L. K. Dropple- 
man, J. Chem. Phys. 43, No. 10, 3618-3624 (Nov. 1965). 


Matrix-isolation study of the reaction of carbon atoms with chlorine 


Fatiadi, J. Org 
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[he electronic and vibrational spectra of the free radical CCl:, 
). E. Milligan and M. E. Jacox, J. Chem. Phys. 47, No. 2, 703-707 
(July 1967). 
‘asurement of density and specific gravity, J. K. Taylor, Book, 
[reatise on Analytical Chemistry, Eds. I. M. Kolthoff, P. J. Elving, 
ind E. B. Sandell, Part 1, Theory and Practice 7, Chapt. 81, pp. 
1561-4610 (Interscience Publ., New York, N.Y., 1967). 
lodification of the fluoride activity electrode for microchemical 
inalysis, R. A. Durst and J. K. Taylor, Anal. Chem. 39, No. 12, 
183-1485 (Oct. 1967). 
fodified linear null-point potentiometry, R. A. Durst and J. K. 
Taylor, J. Chem. Educ. 39, No. 12, 1374-1379 (Oct. 1967). 

On the structure of pyrazole, A. D. Mighell and C. W. Reimann, J. 
Phys. Chem. 71, No. 7, 2375-2376 (June 1967). 

Optical and magnetic measurements on single crystals of copper 
(I) -doped tris(phenanthroline) zinc (II) nitrate dihydrate, G. F. 
Kokoszka, C. W. Reimann, H. C. Allen, Jr., and G. Gordon, Inorg. 
Chem. 6, No. 9, 1657-1661 (1967). 

Polymerization and pyrolysis of poly-1,2-dihydronaphthalene, L. A. 
Wall, L. J. Fetters, and S. Straus, Polymer Letters 5, No. 8, 
721-733 (Aug. 1967). 

Spectroscopic study of the vacuum-ultraviolet photolysis of matrix- 
isolated HCN and halogen cyanides. Infrared spectra of the 
species CN and XNC, D. E. Milligan and M. E. Jacox, J. Chem. 
Phys. 47, No. 1, 278-285 (July 1967). 

The crystal and molecular structure of tetrakispyrazole-nickel chlo- 
ride, Ni(C;H,Ns) ,Cl, C. W. Reimann, A. D. Mighell, and F. A. 
Mauer, Acta Cryst. 23, Part 1, 135-141 (July 1967). 

The determination of bound styrene in insoluble emulsion po- 
lymerized styrene-butadiene copolymers, M. A. Post, J. Appl. 
Chem. 17, 203-208 (July 1967). 

Vacuum-ultraviolet photolysis of acetylene in inert matrices. Spectro- 
scopic study of the species C:, D. E. Milligan, M. E. Jacox, and 
L. Abouaf-Marguin, J. Chem. Phys. 46, No. 12, 4562-4570 (June 
1967). 


ENGINEERING AND INSTRUMENTATION 


Dead weight piston gauge for pressures to 26 kilobars, D. P. Johnson 
and P. L. M. Heydemann, Rev. Sci. Instr. 38, No. 9, 1294-1300 
(Sept. 1967). 

Lou Costrell of NBS speaks out on the revolution in instrument 
packaging, L. Costrell, EEE 15, No. 8, 78-84 (Aug. 1967). 


MATHEMATICS 


C. S. Pierce on benefit-cost analysis of scientific activity, W. E. 
Cushen, Operations Res. 15, No. 4, 641 (July-Aug. 1967). 

Editor and translator, H. J. Oser, Book, Functional Analysis and 
Numerical Mathematics, by L. Collatz, Academic Press, Inc., New 


York, N.Y., 1966. 


Localized-induction concept on a curved vortex and motion ef an 
elliptic vortex ring, R. J. Arms and F. R. Hama, Phys. Fluids 8, 
No. 4, 553-559 (Apr. 1965). 


Robust estimation of location, E. L. Crow and M. M. Siddiqui, J. 


Am. Stat. Assoc. 62, No. 318, 353-389 (June 1967). 
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Coping with multiple reflections in precise measurement of the 
speed of light with a microwave Michelson interferometer, D. M. 
Kerns (Proc. URSI Symp. Electromagnetic Wave Theory, Delft, 
The Netherlands, Sept. 1965), Book, Electromagnetic Wave 
Theory, pp. 245-249 (Pergamon Press, Inc., New York, N.Y., 
1967). 


Low-frequency electrical calibrations at the National Bureau of 
Standards, F. L. Hermach (Proc. 22d Annual ISA Conf. and 
Exhibit, Chicago, Il, Sept. 11-14, 1967), ISA Preprint M5-1 
MESTIND-67 (May 1967). 

Measurement standards, A. G. McNish, IEEE Student J. 4, No. 2. 
24-31 (Mar. 1966). 


The functions of Commission | of the International Scientific Radio 
Union, J. M. Richardson, Proc. IEEE 55, No. 6, 743-745 (June 
1967). 
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Saunders, Appl. Opt. 6, No. 9, 1581-1583 (Sept. 1967). 

Angular scattering law for the moon at 6 meter wavelength, W. K. 
Klemperer, J. Geophys. Res. Letter 70, No. 15, 3798-3800 (Aug. 
1965). 

Application of the Fock expansion to doubly excited states of the 
helium atom, J. H. Macek, Phys. Rev. 160, No. 1, 170-174 (Aug. 
1967). 

Characteristic energy losses of 8 keV electrons in liquid In-Al and 
In-Bi alloys, C. J. Powell, Adv. Phys. 16, 203 (1967). 

Characteristics of a slotted-sphere antenna immersed in a com- 
pressible plasma, J. R. Wait (Proc. Conf. Microwave Behaviour of 
Ferrimagnetics and Plasmas), Conf. Publ. No. 13, pp. 1-4 (Inst. 
Electrical Engineers, London, England, 1965). 

Cross section for Na (*P3 ,2, *Ps,2) intramultiplet transactions induced 
by collisions with the hydrogen atoms, R. N. Zare and P. L. 
Bender, Proc. Am. Phys. Soc. Meeting, Los Angeles, Calif. 10, 
1183 (American Physical Society, New York, N.Y., 1965). 

Definitions of v, i, Z, Y, a, b, ', and S, D. M. Kerns, Proc. IEEE 55, 
No. 6, 892-900 (June 1967). 


Equations of motion in nonequilibrium statistical mechanics. II. 
Energy transport, B. Robertson, Phys. Rev. 160, No. 1, 175-183 
(Aug. 1967). 


Equivalence between two formalisms of plasma fluctuations, J. 
Weinstock, Phys. Fluids 9, No. 3, 621-622 (Mar. 1966). 


Experimental determination of transition probabilities and Stark 
widths of ST and S II lines, J. M. Bridges and W. L. Wiese, Phys. 
Rev. 159, No. 1, 31-38 (July 1967). 

Hall mobility in SrTiO;, H. P. R. Frederikse and W. R. Hosler, Phys. 
Rev. 161, No. 3, 822-827 (Sept. 1967). 

Ionosphere, T. E. VanZandt, Encyclopedia of Physics, Ed. R. M. 
Besancon, pp. 348-349 (Reinhold Publ. Co., New York, N.Y., 
1966). 


Lifetimes of some 4p levels in argon I, J. Z. Klose, J. Opt. Soc. Am. 
57, No. 10, 1242-1244 (Oct. 1967). 


Measurements of Stark profiles of C II and Ca II lines, J. R. Roberts 
and K. L. Eckerle, Phys. Rev. 159, No. 1, 104-107 (July 1967). 


Mechanistic aspects of hearing, E. L. R. Corliss, J. Acoust. Soc. Am. 
41, No. 6. 1500-1516 (June 1967). 


Nature of ionic deformations in crystals; application to an analysis 
of the magnetic properties of the alkalihalide and alkaline-earth 
oxide crystals, A. R. Ruffa, Phys. Rev. 159, No. 3, 742-754 (July 
1967). 


Nuclear magnetic acoustic resonance in KTaO;, R. W. Mebs, L. H. 
Bennett, and J. R. Leibowitz, Phys. Letters 24A, No. 12, 665-666 
(June 1967). 


On the explanation of the so-called CN laser, D. R. Lide, Jr.. and 
A. G. Maki, Appl. Phys. Letters 11, No. 2, 62-64 (July 1967). 


Photographic standardization and research at the National Bureau 
of Standards, C. 5. McCamy, Appl. Opt. 6, No. 1, 27-30 (Jan. 
1967). 


Radiation-field-dependent frequency shifts of atomic beam reso- 
nances, R. J. Harrach, J. Appl. Phys. 38, No. 4, 1808-1819 (Mar. 
1967). 


Report on International Conference on Crystal Growth (ICCG), 
R. L. Parker (Proc. Intern. Conf. Crystal Growth, Boston, Mass.. 
Dec. 1966), Phys. Today 19, No. 12, 109-111 (Dec. 1966). 


Sealing-law equation of state for gases in the critical region, M. S. 
Green, M. Vicentini-Missoni, and J. M. H. L. Sengers, Phys. Rev. 
Letters 18, No. 25, 1113-1117 (June 1967). 

Second breakdown—A comprehensive review, H. 
IEEE 55, No. 8, 1272-1288 (Aug. 1967). 

Short-range order in the Weiss molecular field approximation, R. L. 
Peterson, Bull. Am. Phys. Soc. 12, Series I], No. 4, 502 (Apr. 
1967). 
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Shubnikov-de Haas effect in SrTiO:, H. P. R. Frederikse, W. R. 
Hosler, and W. R. Thurber, Phys. Rev. 158, No. 3, 775-778 (June 
1967). 

Single- and double-quantum photodetachment of negative ions, 
E. J. Robinson and S. Geltman, Phys. Rev. 153, No. 1, 4-8 (Jan. 
1967). 

Some characteristic of commonly used time scales, G. E. Hudson, 
Proc. IEEE 55, No. 6, 815-821 (June 1967). 

Sporadic-E ionization, E. K. Smith, Annual Suppl. Encyclopedic 
Dictionary of Physics, Ed. J. Therolis, Suppl. I, 239-331 (Perga- 
mon Press Inc., New York, N.Y., 1966). 

Superconductive properties of ceramic mixed titanates, J. F. 
Schooley, H. P. R. Frederikse, W. R. Hosler, and FE. R. Pfeiffer, 
Phys. Rev. 159, No. 2, 301-305 (July 1967). 

Suppressed and accelerated spin-lattice relaxation, R. L. Peterson, 
Phys. Rev. 159, No. 2, 227-233 (July 1967). 

Synchrotron radiation measurements near the magnetic equator, 
G. R. Ochs, Book, Radiation Trapped in the Earth’s Magnetic 
Field, Ed. B. McCormac, pp. 703-713 (D. Riedel Publ. Co., Dor- 
drecht, The Netherlands, 1966). 

Temperature dependence of the nuclear quadrupole resonance fre- 
quency of “Cl in KC]O; between 12° and 90° K, D. B. Utton, 
J. Chem. Phys. 47, No. 2, 371-373 (July 1967). 

The calculation of nuclear cross-sections by the optical model, D. T. 
Goldman (Proc. Intern. Atomic Energy Agency Conf. Nuclear 
Data for Reactors, Vienna, Austria, 1966), Book, Nuclear Data 
for Reactors I, 339-364 (1967). 

The effect of other metallic ions on the electrocrystallization of 
silver from nitrate solutions, J. P. Young, Plating 54, 272 (1967). 

The effects of rotar deceleration on equilibrium sedimentation ex- 
periments, I. H. Billick, M. Dishon, M. Schulz, G. H. Weiss, and 
D. A. Yphantis, Proc. Natl. Acad. Sci. 56, No. 2, 399 (Aug. 1966). 

lhe energies of N° from the dissociative ionization of N. (Abstract), 
L. J. Kieffer and R. J. Van Brunt (Proc. 18th Annual Gaseous 
Electronics Conf., Minneapolis, Minn., Oct. 21, 1965), Bull. Am. 
Phys. Soc. LL, No. 4, 499 (1966). 


The momentum autocorrelation function in a Bernoulli chain, R. J. 
Rubin and P. Ullersma, J. Math. Phys. 7, No. 10, 1877-1885 (Oct. 
1966). 


The production and use of monoenergetic electron beams, J. A. 
Simpson, Proc. 8th Annual Electron and Laser Beam Symp., Uni- 
versity of Michigan, Ann Arbor, Mich., Apr. 6-8, 1966, pp. 437 
1447 (1966). 

The radiative band pinch effect and temperature dependence of 
radiative recombination in GaAs, N. N. Winogradoff, K. Owen, and 
R. M. Curnutt, Intern. J. Electron. 22, No. 3, 229-233 (Mar. 
1967) 

The use of multiple antennas in studies of absorption at conjugate 
points, H. J. A. Chivers and J. K. Hargreaves, Proc. Symp. High 
Latitude Particles and the Ionosphere, Alpbach, Austria, 1964, 
pp. 257-264 (Academic Press Inc., New York, N.Y., 1965). 
wo-mirror systems with spherical reflecting surfaces, O. N. Stay 
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10, 3860-3868 (Sept. 1966) 
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A comparison between solar x-ray emission and VLF sudden pha 
anomalies, C. J. Chilton, J. P. Conner, and F. K. Steele, Proe 
IEEE 53, No. 12, 2018-2026 (Dec. 1965). 

Another method of synthesizing nonuniformly spaced antenni 
arrays, M. T. Ma, Trans. IEEE, Ant. Prop. AP—13, No. 5, 83: 
834 (Sept. 1965). 

Antennas, H. V. Cottony, Encyclopedia of Physics, Ed. R. M. Besan 
con, pp. 25-28 (Reinhold Publ. Co., New York, N.Y., 1966). 


Distribution of standard frequency and time signals, A. H. Morga 
Proc. IEEE 55, No. 6, 827-836 (June 1967). 


Measurement of RF properties of materials—A survey, H. E. Bussey, 
Proc. IEEE 55, No. 6, 1046-1053 (June 1967). 

Of time and frequency, D. H. Andrews, Book, How to Listen to th 
World, pp. 3-7 (World Publ., Hellerup, Denmark, 1967). 

Preliminary results of some new measurements of phase velocity af 
VLF, G. Kamas, A. H. Morgan, and J. L. Jespersen, Radio Sci. 1 
No. 12, 1409-1410 (Dec. 1966). 

Some radio-physical considerations in studies of the fine scale strue 
ture of the atmosphere, B. R. Bean and B. D. Warner, Proce 
Intern. Conf. Fine Scale Structure of the Atmosphere. Moscow 
U.S.S.R., June 1965, pp. 215-224 (1965). 

The application of the partial correlation analyses to the study o 
the occurrence probability of spread-F, T. Shimazaki (Prog 
AGARD Conf. Spread F and Its Effects Upon Radiowave Propa 
gation and Communication, Copenhagen, Denmark, Aug. 1964) 
AGARDograph 95, pp. 167-188 (W. and J. Mackay, Londo 
England, 1966). 

The development of an international atomic time scale, J. Al 
Barnes, Proc. IEEE 55, No. 6, 822-826 (June 1967). 

The effect of spread F on the propagation of radiowaves near th 
equator, K. Davies and A. F. Barghausen (Proc. AGARD Confj 
Spread F and Its Effects Upon Radiowave Propagation and Cony 
munication, Copenhagen, Denmark, Aug. 1964), AGARDographi 
95, pp. 437-466 (W. and J. Mackay, London, England, 1966). 
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